In vitro cultures of ruminal microorganisms were used to determine the effect of cinnamic acid and vanillin on the digestibility of cellulose and xylan. Cinnamic acid and vanillin depressed in vitro dry matter disappearance of cellulose 14 and 49%, respectively, when rumen fluid was the inoculum. The number of viable Bacteroides succinogenes cells, the predominant cellulolytic organism, was threefold higher for fermentations which contained vanillin than for control fermentations. When xylan replaced cellulose as the substrate, a 14% decrease in the digestibility of xylan was observed with vanillin added; however, the number of viable xylanolytic bacteria cultured from the batch fermentation was 10-fold greater than that of control fermentations. The doubling time of B. succinogenes was increased from 2.32 to 2.58 h when vanillin was added to cellobiose medium, and absorbance was one-half that of controls after 18 h. The growth rate of Ruminococcus albus and Ruminococcus flavefaciens was inhibited more by p-coumaric acid than by vanillin, although no reduction of final absorbance was observed in their growth cycles. Vanillin, and to a lesser extent cinnamic acid, appeared to prevent the attachment of B. succinogenes cells to cellulose particles, but did not affect dissociation of cells from the particles. B. succinogenes, R. albus, R. flavefaciens, and Butyrivibrio fibrisolvens all modified the parent monomers cinnamic acid, p-coumaric acid, ferulic acid, and vanillin, with B. fibrisolvens causing the most extensive modification. These results suggest that phenolic monomers can inhibit digestibility of cellulose and xylan, possibly by influencing attachment of the fibrolytic microorganisms to fiber particles. The reduced bacterial attachment to structural carbohydrates in the presence of vanillin may generate more free-floating fibrolytic organisms, thus giving a deceptively higher viable count.
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Various studies suggest that phenolic compounds of plant cell walls inhibit digestion of forages in the rumen (10) (11) (12) . Phenolic acids are toxic to rumen bacteria and protozoa (3, 6) . Cellulolytic rumen bacteria are intimately associated with plant material undergoing degradation, and such organisms might encounter concentrations of phenolic acids higher than those found in rumen fluid. Nevertheless, Chesson et al. (6) showed that rumen cellulolytic strains in pure cultures are no more tolerant to added phenolic acids than rumen bacteria not normally found associated with plant particles. Hydrogenation of the more toxic phenolic acids to a less toxic form may be one mechanism of defense for organisms active in fiber degradation. Further degradation of the hydrogenated phenolic acids may then occur.
Few studies have been conducted to determine the influence of phenolic compounds on forage digestibility and the toxic effects they may exert on rumen microorganisms. Studies in our laboratories indicated that certain forage phenolic compounds routinely inhibit in vitro dry matter disappearance (IVDMD) of cellulose (10, 11) . The objectives of our study were to examine the effect of two phenolic compounds, cinnamic acid and vanillin, on the population of cellulolytic and xylanolytic bacteria involved in batch fermentations. Growth rates of rumen cellulolytic bacteria in the presence of various phenolic compounds were also examined. The two phenolic compounds depressed the IVDMD of cellulose by 14 and 49%, respectively; however, the total number of Bacteroides succinogenes cells was threefold greater for fermentations which contained vanillin. (19, 20) was used to qualitatively measure attachment of B. silCcinogenes to cellulose particles. B. succinogenes was cultured in cellobiose medium to mid-log phase. This culture was used to inoculate the following media: (i) cellulose broth medium alone (same as cellulose agar roll tube medium, except no agar was added and the cellulose concentration was increased to 0.8 g/100 ml) or (ii) with 0.2% vanillin, (iii) with 0.2% cinnamic acid, (iv) or without the addition of cellulose. The media were inoculated with a 50% volume from the cellulose medium, inverted 1Ox, incubated at 37'C for 15 min, and centrifuged (150 x g for 10 min). The culture supernatant was withdrawn, and the A600 was read. The change in A60( readings from the two controls (media i and iv) indicated that the phenolic compounds affected attachment.
Volatile fatty acid (VFA) analysis was performed on the supernatant from the in vitro cellulose fermentations. The supernatant was passed through a 0.22-[Lm-pore membrane filter (Millipore Corp.), acidified to pH 2.0 with H3PO4, and analyzed with a Hewlett-Packard model 5840A gas chromatograph as described previously (28) . The roll tube medium without agar and with cellobiose (0.5%) replacing cellulose was used for the growth rate studies. The medium was inoculated with 0.05 ml of a late-log-phase culture, and the A600 was read every 2 h with a Bausch and Lomb Spectronic 88 spectrophotometer. Results are presented as the mean of triplicate tubes. Once the cultures reached stationary growth, they were centrifuged at 15,000 x g for 10 min, and the A300 of the supernatant was read to measure the amount of phenolic compound remaining. The absorbance of uninoculated fermentation broth media served as controls.
Statistics. Data were analyzed by least-squares analysis of variance and by Duncan's multiple range test (23) .
RESULTS
The effect of cinnamic acid and vanillin on the cellulose fermentation by mixed rumen bacteria is shown in Table 1 . After 48 h, cinnamic acid and vanillin depressed the IVDMD of cellulose by 14 and 49%, respectively. B. succinogenes, identified by zones of clearing without colony formation, Gram stain, cell morphology, and fermentation products of representative strains, was the predominant cellulolytic bacterium in all fermentation media. Although cellulose digestibility was reduced 49% with vanillin, the number of viable B. succinogenes cells was threefold greater in the fermentation containing vanillin than in the control fermentation. The number of other cellulolytic bacteria was similar between the three fermentation media. The concentration of VFA was lower in the fermentation containing vanillin than in the control. The acetate-to-propionate ratio was also greater for this fermentation, primarily because of the large decrease in the concentration of propionate.
Differences in the number of cellulolytic bacteria between the control and vanillin in vitro fermentations began at 24 h ( Table 2 ). The differences were greatest at 36 h (1.83 x 107 versus 7.85 x 107, respectively) and then declined until none was seen at 96 h. Lysis of B. succinogenes cells may occur after 36 h in the vanillin medium (6) .
When xylan replaced cellulose as the substrate in the IVDMD medium, a response similar to that of cellulose was medium and serial dilutions were made in anaerobic buffer, the first dilution, but not the second, was immediately oxidized. It was thought that the brief oxidation may detach cellulolytic bacteria from fiber particles, thus explaining the higher count of cellulolytic bacteria in the medium containing vanillin. An experiment was done to determine if this was true. B. succinogenes was grown on cellulose broth medium for 48 h. The culture was diluted 1:1 without blending in anaerobic buffer containing 0.2% vanillin and in buffer free of vanillin. Each buffer was serially diluted two ways. The first dilution in one series was deliberately exposed to oxygen until the resazurin turned pink, while the following dilutions in the series were treated anaerobically. The other serial dilution was treated anaerobically throughout the dilution procedure. Four sets of cellobiose roll tubes were inoculated (vanillin buffer without 02 exposure, vanillin 
DISCUSSION
It is difficult to correlate the decrease in the IVDMD of cellulose and xylan with the increase in the number of respective organisms that degrade these substrates when vanillin is present. We initially thought that vanillin-induced oxidation of anaerobic conditions might be involved during our serial dilutions and during initial set up of IVDMD fermentation medium. If vanillin initially oxidized the IVDMD fermentation medium, this may delay the initiation of cellulose or xylan hydrolyses and may explain the reduced IVDMD. However, this oxidation hypothesis does not explain the increase in the number of cellulolytic organisms which occurred when we deliberately exposed the IVDMD fermentation medium to oxygen and vanillin. After 24 h, the cellulolytic organisms in the fermentation medium containing vanillin outnumbered those in the control (Table 2) . Although succinate, a product of B. su*ccinogenes which is rapidly decarboxylated to propionate in the rumen (22) , was not determined in our fatty acid analysis, the VFA data ( (Table 4 ). Several studies suggest that B. succinogenes must attach to fiber particles to degrade the plant cell wall components (1, 16) . Mandatory attachment is reasonable in that B. succinogenes is assumed to have a membrane-bound cellulase system (8); therefore, it must be in close proximity to its substrate for degradation to take place. Vanillin may in some way inhibit attachment and thus reduce cellulose degradation. This reduction in attachment due to vanillin may be one explanation for the increase in B. succinogenes counts when vanillin is present in the medium. When bacterial numbers were estimated by the roll tube method, the free-floating and attached bacteria were both counted. However, if bacteria remain attached to the cellulose particles during serial dilution, each cellulose particle will result in a clearing, which may be due to the activities of several individual cells. In contrast, each free-floating bacterium results in a separate clearing. However, the phenolic compounds may also modify the normal spatial existence, pairs, and short chains of B. siuccinogenzes. Phenolic compounds could affect growth habit, septum formations, and cell divisions, resulting in increased free-floating viable counts.
Akin (3) found that 0.1% p-coumaric acid delays the growth of unidentified cellobiose-utilizing rumen bacteria initially; however, after 24 h, absorbance is the same. This acid also delays cellulose degradation by two to three times. Interestingly, his study showed that p-coumaric acid inhibits the growth of xylan-utilizing bacteria and also causes a reduction of about 50% of the colonies appearing on xylan roll tubes. This compares with a 10-fold increase that occurred with vanillin. This marked difference may be due to the different inocula used. Akin (3) used rumen fluid from cattle fed Bermuda grass, whereas we used rumen fluid from cattle fed an alfalfa-mixed grass diet.
Based on other studies (9, [24] [25] [26] , it may seem somewhat unusual that we routinely found B. succinogenes to be the predominant cellulolytic organism in the IVDMD fermentation tubes. However, in past studies 2% agar was used in cellulose roll tube medium which appears to restrict movement of B. succinogenes, thus making it difficult to observe zones of clearing. Macy et al. (17) demonstrated that selective isolation of B. succinogenes from rat gastrointestinal tracts is not successful unless the purified agar concentration is lowered to 0.5%. We found this to hold true for isolation of B. succinogenes from the pig gastrointestinal tract (27) .
No effort was made to identify the products formed from the phenolic monomers given in Table 5 . In some cases a hydrogenation of the 2-propenoic side chain may occur (5).
Of interest was the extensive modification that B. fibrisolvens caused in relation to the other cellulolytic organisms. Chesson et al. (6) found that Streptococ-(cus bovis and the cellulolytic bacteria, in particular the ruminococci, show at least a limited ability to modify ferulic and p-coumaric acids, which they found most toxic, by hydrogenation of the 2-propenoic side chain. The hydrogenated products are considerably less toxic to these organisms than the parent acid.
Akin (2) has shown that a rumen bacterial strain uses ferulic and sinapic acids under anaerobic conditions as the sole carbon and energy sources. However, growth is sparse and slow. It has not been reported that B. succinogenes can utilize phenolic acids for growth. Krumholz and Bryant (13) isolated a new bacterial species from the rumen that uses vanillin as an energy source for growth by converting it to butyrate, protocatechuic aldehyde, and protocatechuate. It can also catabolize ferulate and syringate. Other organisms that they recently isolated from the rumen include Eubacterium oxidoreducens, which is capable of anaerobic degradation of gallate, pyrogallol, phloroglucinol, and quercetin (14) , and Syntrophococcus sucromutans, which demethoxylates various phenolic compounds (15) .
It would be of interest to combine some of the strains that Krumholz and Bryant (13) (14) (15) have recently isolated with some of the cellulolytic organisms to determine if increased digestibility of forage cell walls occurs. Even though some of these new isolates are found in the rumen in low numbers (<106/ml of rumen fluid), they may be required only in catalytic numbers to degrade the phenolic compounds, thus making the cellulose and hemicellulose more accessible to the respective organisms that degrade these substrates.
